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Innovation
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Current Oxygen Production Systems
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Solid Oxide Electrolyzer Cell



Road to Implementation

ÅReliable large scale thermal management capabilities

ïHigh Temperature Operation

ïMinimize Power Consumption

ÅScale in-situ oxygen production to more than 10 kg/day
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Student Partnership
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Project Design Goal
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Design Phase
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Final Design
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Experimental Results
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Shell Tube

Temperatures [Јὅ] Temperatures [Јὅ]

Inlet (ὸ : ςσȢχ Inlet (Ὕ : υυωȢρ

Outlet (ὸ : ςπφȢψ Outlet (Ὕ : ψψȢχ

Differential (ЎὝȡ ρψσȢρ Differential (ЎὝȡ τχπȢτ

Mass Flow Rate [ ϳ Mass Flow Rate [ ϳ

ςȢωωρπ ρȢωυρπ



Analysis Approach 

Analysis of Heat Exchanger:

ÅReynolds Number

ÅConvective and Conductive Coefficients

ÅOverall Heat Transfer Coefficient

ÅHeat Duty

ÅEffectiveness

ÅRequired Heater Power
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Assumptions and Properties

Å Steady-State Mass Flows

Å Fully Developed Flows

Å Constant Fluid Properties on shell and tube sides

Å Flows Along respective Streamlines

Å Well-insulated heat exchanger mass flows

Å Constant heat flux along heat exchanger

Å No external work

Å Hot fluid in the tubes

Å Counter current flow configuration
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Fluid Properties

Symbol Property Shell Fluid @ 115 Јὅ Tube Fluid @ 324 Јὅ

ɟ Density πȢψωω πȢυψφ

ὧ Specific Heat ρȢπρ
Ὧὐ
ὯὫɇὑ ρȢπυ

Ὧὐ
ὯὫɇὑ

’ Kinematic Viscosity ςυȢρ ρπά ί υςȢτ ρπ ϳ

k Thermal Conductivity πȢπσςτὡ άɇὑ
πȢπτυυϳɇ



Calculations

Reynolds Number:

ὙὩ
ὠὈ

ʉ
Where:

- Re is the Reynolds Number

- V is the average fluid velocity

- D is the flow section effective diameter

- ʉis the kinematic viscosity

Result:

Shell Flow:  198.0       [laminar flow]

Tube Flow:  127.6       [laminar flow]
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Calculations

Convective Coefficient:

Ὤ
ὔὯ

Ὀ
Where:

- Ὤis the convective coefficient

- ὔ is the Nusselt Number

- Ὧ is the fluid thermal conductivity

- D is the flow section diameter

Result:

Shell Convective Coefficient (Ὤ : ρȢψςϳ ɇ

Tube Convective Coefficient (Ὤ): ρςȢυ ϳ ɇ
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Calculations

Conductive Coefficient:

Ὤ
Ὧ

ὒɇÌÎ
ὶ
ὶ

Where:

- Ὤ is the conductive coefficient

- ὶis the tubeôs inner diameter

- ὶis the tubeôs outer diameter

- Ὧis the tube thermal conductivity

- ὒis the tube length

Result:

Ὤ = φσȢω ϳ ɇ
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Calculations

Overall Heat Exchanger Coefficient:

Where:

- Ὗis the overall heat transfer coefficient

- ὃ is the tubes inner surface area

- ὃ is the tubes outer surface area

Result:  

Overall Heat Transfer Coefficient: ρȢτψϳ ɇ
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Calculations

Overall Heat Duty:

ὗ ὟὃὝ

Where:

- ὗis the heat duty

- ὃis the heat transfer surface area

- Ὕ is the log mean temperature difference

Result:  

Heat Duty: χπȢχὡ
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Calculations

HX Effectiveness:

‐
ὸ ὸ

Ὕ ὸ

Where:

- Ů is effectiveness

- ὸ is shell inlet temperature

- ὸ is shell outlet temperature

- Ὕ is tube inlet temperature

Result:  

Effectiveness: πȢστς
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Calculations

Heater Power Consumption:

Ὁ άὧЎὝ

Where:

- Ὁis the required power

- ά is the mass flow rate

- ὧ is initial temperature heat capacity

- ЎὝis the needed change in temperature

Result:  

TFAWS 2018 ïAugust 20-24, 2018 19

Power Required

Without Heat Reutilization With Heat Reutilization

σπσȢψὡ ςσςȢρὡ



Conclusion

o The biggest resistances to heat transfer are shell and 

tube fluid convection coefficients

o Low flow velocity in both channels

o Tube structure had minimal affect on overall heat 

transfer resistance

o 25% reduction in heater power is a great start, but 

further modifications can be made to increase power 

reduction.
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Future Considerations

Modified Tubing Design
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